Membrane contactor (MC) is a cost effective solution that able to reduce the release carbon dioxide into the atmosphere.The membrane applies in a MC system are highly hydrophobic, high surface porosity, low mass transfer resistance and high resistance to chemicals in the feed streams.In this study, Response Surface Methodology (RSM) design consists of 2-Level Factorial and Centre Composite Design, which were performed for screening and optimization respectively, on the production of isotactic Polypropylene (iPP) microporous flat sheet. The results obtained from the analysis of variance of contact angle, showed that the impacts of drying temperature and drying time are much more important than polymer concentration and immersion time in methanol. The most optimum membranes prepared in this experiment were membranes with the contact angle value of 106.22 ° by the interacting factors of dry temperature and dry time, which are 54.96 °C and 18 .64 minutes respectively.The regression equation obtained from the 2-Level Factorial and Central Composite Design can be expected to apply in the preparation of iPP membranes using diphenyl ether (DPE) diluents and can reasonably predict and optimize the performance of the iPP membranes. 14 Keywords: Thermally induced phase separation; Isotactic polypropylene; Hydrophobic Membrane; 2-15 Level Factorial; Central Composite design. 16 17 23 24
solution of the mass transfer resistance problem in membrane separation process between two or more 28 phases. In conjunction with this subject, numerous of studies about the membrane contractor have been 29 done and develop for a lot of gas absorption process application in industries. 30 31 MC has offered a highly specific area, higher volumetric mass transfer rate, easier to linear scale up and 32
does not require a large space as the way to minimize the carbon dioxide (CO 2 ) gas emission and reduce 33 cost compared to the traditional equipments [1, 2] .The MC is a system that consists of the combination of 34 the gaseous, liquid absorbent and hydrophobic membrane. It provides a barrier between two phases from 35 dispersion with one another when these two phases being separated through a membrane [3, 4, 5) . Due 36 to many reasons and advantages, gas adsorption or MC was putting itself at a high level of attention by 37 industries and researchers [1, 6] . A good membrane used for MC has high hydrophobicity, high surface 38
porosity, low mass transfer resistance and high resistance to chemicals in the feed streams [7] . 39 40
The hydrophobicity of membranes prepared was measured by the contact angle of water droplets on the 41 membrane surfaces. A few researchers agree that improving the hydrophobicity of membrane can 42 increase the membrane long term performance [8] by providing a high specific surface area, increasing 43 the selectivity by absorption liquid and increasing the driving force of flux even at a low concentration [9] . 44 Polymeric membranes have main characteristics of the polymer material such as polarity and the main 45 effect of the permeation process is steric [10] . As for the polymer with higher molecular weight, which will 46 contribute to small inter-connect structure, that is why researchers commonly use polypropylene (PP), 47 polyethylene (PE), polytetrafluorethylene (PTFE) and poly (vinylidene fluoride) (PVDF) [9] .The polymeric 48 material not only lowers molecular weight which attributes to the slower phase separation rate, but 49 possesses high hydrophobicity and low surface energies [10, 11] . Table 1 shows the comparison of PP-50 based and other commercial polymers in term of surface energies. The aqueous solution having lower 51 values will generally spread on materials of higher surface tension values, thus it is one of the important 52 fundamental to make sure that the material for hydrophobic membranes to have a longer performance 53
period.There is indirectly proportional relationship between surface tension and the contact angle value of 54 the polymer material. The highest contact angles were shown for PTFE whereby PP has a second 55 highest contact angle while both of them have the lowest surface tension polymer material. Out of these 56 polymers, iPP was chosen for this study due to the low cost, high hydrophobility, low surface energies, 57 great mechanical properties, thermal stability and chemical resistance polymer [12, 13, 14 ] . 58 59 Polystyrene  33  66  Polysulfone  41  70  62 Polymer concentration, solvent evaporation time, drying temperature and drying rate are among the 63 parameters that were considered in this experiment. The best range of initial concentration studied by 64 researchers were 13, 15, 20 and 30 wt% .The range of concentrations was successfully produced the 65 cellular pore structures membrane [11, 12, 13, 14, 15] . Evaporation is a crucial stage to produce the 66 microporous membrane and to prevent pores from wetted. There are two stages of evaporation in this 67 membrane preparation. The first stage after the casting or molding the membrane, typically, the 68 membrane will quench immediately into water bath for the phase separation to occur. Then the second 69 stage of evaporation is by immersing in solvent namely methanol or ethanol, for total diluent extraction 70 from the membrane . The evaporation's purpose  71  known as porous on the membrane  72  trapped inside the pores. Thus, to make sure there is liquid free inside the pores, the membrane should  73  be dry in the oven or leave it at room temperature for a certain time.  74  75 The purpose of the Screening by 76
influencing the outcomes the most and how the factors interact with each other 77 for process optimization. There were a few studies exploring the RSM in the membrane field. 78
has used RSM in their research 79 (PDMS)/ceramic composite membrane 80 was by Ismail and Lai [17] . To the best our knowledge 81 optimize the preparation conditions of hydrophobic isotactic Polypropylene (iPP) membranes 82
Thermally Induced Phase Separation (TIPS) 83 84
In this article, the preparation of the 85 concentration, immersion time in methanol, drying time and drying temperature were considered as 86 dominant preparation parameters. 87 membrane contact angle were performed by FFD while the most optimum membranes were 88 CCD. 89 90
EXPERIMENTAL DETAILS

92
Membrane Materials and Chemicals
The iPP in pellet form with average molecular weight (Mn) of 250 000 was purchased from Aldrich, as 95 well as solvents (diphenyl ether and methanol). All the chemicals purchased from Aldrich were used 96 without further purification. 97 98
Membrane Preparation using TIPS
100
Briefly, the iPP were mixed with dip 101 placed in a hot plate while stirred until a homogeneous solution formed 102 mould was pre-heated on the hot plate. A little portion of homogeneous solution was pour into the mould. 103
The entire assembly was then quenched in water bath to induce phase separation in the sample. Then, 104 membranes were immersed in meth 105 membranes were obtained by evaporating the diluents in the oven 106 107 vaporation's purpose is to force the diluent from membrane will leave on the membrane. After membranes immerse in the solvent, some of to make sure there is liquid free inside the pores, the membrane should be dry in the oven or leave it at room temperature for a certain time.
Screening by 2-Level Factorial Design (FFD) was to determine which factors influencing the outcomes the most and how the factors interact with each other, while CCD There were a few studies exploring the RSM in the membrane field. to optimize the preparation condition on the polydimethylsiloxane (PDMS)/ceramic composite membrane [16] . Another optimization study using RSM o
To the best our knowledge, no one has reported research on using RSM to optimize the preparation conditions of hydrophobic isotactic Polypropylene (iPP) membranes Thermally Induced Phase Separation (TIPS) method.
preparation of the iPP membranes was established by the TIPS method. The polymer concentration, immersion time in methanol, drying time and drying temperature were considered as Main effects, quadratic effects and interactions of membrane contact angle were performed by FFD while the most optimum membranes were
Membrane Materials and Chemicals
with average molecular weight (Mn) of 250 000 was purchased from Aldrich, as and methanol). All the chemicals purchased from Aldrich were used sing TIPS Technique efly, the iPP were mixed with diphenyl ether in beakers at desired iPP concentration . placed in a hot plate while stirred until a homogeneous solution formed shown in Fig.1 heated on the hot plate. A little portion of homogeneous solution was pour into the mould. The entire assembly was then quenched in water bath to induce phase separation in the sample. Then, membranes were immersed in methanol to exact the remaining diluents in membranes. Microporous membranes were obtained by evaporating the diluents in the oven [18] .
porous PP membrane using the TIPS method from membrane will leave the holes , some of the solvent are to make sure there is liquid free inside the pores, the membrane should to determine which factors while CCD was applied There were a few studies exploring the RSM in the membrane field. Xiangli et al.
to optimize the preparation condition on the polydimethylsiloxane . Another optimization study using RSM on the membrane o one has reported research on using RSM to optimize the preparation conditions of hydrophobic isotactic Polypropylene (iPP) membranes by method. The polymer concentration, immersion time in methanol, drying time and drying temperature were considered as Main effects, quadratic effects and interactions of the variables on membrane contact angle were performed by FFD while the most optimum membranes were analyzed by with average molecular weight (Mn) of 250 000 was purchased from Aldrich, as and methanol). All the chemicals purchased from Aldrich were used in beakers at desired iPP concentration .The beaker was Fig.1 . A stainless steel heated on the hot plate. A little portion of homogeneous solution was pour into the mould. The entire assembly was then quenched in water bath to induce phase separation in the sample. Then, anol to exact the remaining diluents in membranes. Microporous According to Myers and Montgomery, RSM is a collection of statistical and mathematical methods which 114
were used for developing, improving and optimizing processes [19] . It is an efficient procedure for 115 planning experiments so that the data obtained can be analyzed to yield a valid and objective conclusion. 116
The main goals of RSM are to find an approximating function for predicting future response and to 117 determine factor values that optimize the response function. For this study, there were two steps involved 118 for obtaining the optimization which are 2-Level Factorial Design (FFD) and Central Composite Design 119 (CCD). 120 121
The factors are also known as input variables or independent variables whereby, the outcome sometimes 122 called response. Any numbers of inputs are considered for this system. But after being analyzed, the 123 factors that do not contribute much to the outcomes will be eliminated. The optimum condition was 124 determined by CCD for input parameters with three to five levels. The optimal data need to be verified by 125
repeating the experiment. Typically second order models were used for this design. 126 127
In developing the regression equation, the test variables were coded according to the following equation: 128
Where x i is the coded value of the ith independent variable, X i is the uncoded value of the i th independent 130 variable, ܺ * is the uncoded ith independent variable at the center point and ∆Xi is the step change value. 131 132
In region of higher curvature, near to the optimum second-order (quadratic) models are commonly used. 133
A quadratic model with two factors, X 1 and X 2 , can be written as:
Here, Y is the response for given levels of the main effects X 1 and X 2 and the X 1 X 2 term for a 138 possible interaction effect between X 1 and X 2 . The constant β 0 is the response of Y when both main 139 effects are 0. 140 141
There are a few reasons for why the second order model was typically chosen which are the high 142 flexibility to take a wide variety of functional forms and the high accuracy to the true response surface. It 143
is also easy to estimate the parameter (the β's) using this model. From our practical experience, the 144 second-order models work well in solving real response surface problems. 145 146
Two-Level Factorial Design (FFD) 147 148
There were four processing variables (factors) that were studied and applied for 2-level factorial design 149
shown in 
Membrane Morphology Study
213
The membrane morphology both cross section and surface layer were examined by scanning electron 214 microscopy (SEM) (Carl Zeiss EVO50). The samples were fractured in liquid nitrogen and a small piece 215 was coated with thin platinum layer in vacuum. The other purpose of using this equipment is to analyze 216 the membrane surface to examine the morphology or specifically the membrane structure, pore 217 distribution, defects and presence of impurities. 218 219
Chemicals Composition Study
Chemicals composition study was carried out by using Fourier transform infrared spectroscopy (FTIR) 222
model Nicolet Avatar 370 DTGS. FTIR was performed in order to study the chemical structure of organic 223 molecules and potential structural changes that occurred as a result of the membrane chemical treatment 224 or degradation. In infrared spectroscopy, IR radiation is passed through a sample. Some of the infrared 225 radiation is absorbed by the sample and some of it is passed through (transmitted). FTIR spectra of thin 226 films were recorded. Its resulting spectrum represents the molecular absorption and transmission. 227 228 The statistics with the analysis of variance (ANOVA) shows the selected effects and their coefficients. The 244 model of F-value of 24.25 implies the model was significant shown in Table 5 . There is only a 0.01 % 245 chance that this large "Model F-Value" could occur due to noise. Values of "Prob > F" less than 0.0500 246 indicates that model terms are significant [16] .The purpose of 2-level factorial design was to minimize the 247 factor number. The design identifies the factors that affect the response the most. In this case B, C, D, 248 AC, AD, and CD were significant model terms. The analysis of the experimental responses revealed that dry temperature and the dry time difference had 275 significant interactive effects on the contact angle measurement. Out the entire factor designed, the 276 immersion time (B) was the only factor that did not have interaction with other factors, meanwhile, the 277 concentration (A) was not chosen to be one of the factors because of the lowest contribution percent. 278
RESULTS AND DISCUSSION
230
Factorial Analysis by 2 3 Factorial (FFD) Analysis
There were three interaction factors which were concentration and drying time (AC), concentration and 279 time taken for drying (AD) and drying time and drying temperature (CD) considered as a model in the 280 design. 281 282 3. 1 
.3.1 The Immersion Time Effect 283 284
According to the graph in Fig. 2 the liquid inside the membrane namely diluent and solvent will evaporate. By applying higher 298 temperature, the rate of evaporation of extracting methanol was faster than at lower temperature which 299 possibly causes the pores to swelling and tends to absorb liquid quickly when contacting the distilled 300 water onto membrane surface. 301
Supposedly, both pores' size and porosity decreased with the increasing of the iPP concentration in the 302 polymer solution [15, 25] . In the other words, membrane prepared by higher concentration, produces 303 smaller pores which correspond to the better hydrophobic characteristic. Thus, for membrane prepared 304 by concentration of 25 wt% have smaller pores' size than 15 wt%. Thus, upon evaporation of 55 °C, the 305 evaporation rates are slower and did not contribute much growing to the pore size. 306
As the temperature 65 °C, the fastening of the rate of evaporation of methanol leaded to the pores' size to 307 expand and lowering the contact angle measurement. At 25 wt% concentration, the contact angle 308 measurement slightly decreased. Consider 65 °C as a high temperature and rapid evaporation, there 309
were maybe some of the methanol was unable to evaporate totally and trap inside the small pores 310 causing the membrane tent to wet easily. 311 312 313 314 Fig. 3 
.The interaction effect graph between concentration and dry temperature on the contact 315 angle measurement 316
The "I-Beam" symbols on the plot describe the 95 % least significant difference (LSD) interval for the plotted 317 points.
319
3. 1 
.3.3 Interaction Concentration /Dry Time Factor and Effect 320 321
The Fig.4 shows the dependence of drying time from the concentration. Dry time of 60 min shows 322 gradually decreasing when the concentration increased from 15 to 25 wt%, which directly proportional to 323 the 20 min of drying time. Upon drying, all the liquid inside the membrane namely methanol evaporated. 324
Technically, longer time spent for drying more ensure for all the diluents and solvent exacted from the 325 membrane. 326 327
Fig. 4.The interaction effect graph between concentration and time taken for drying on the contact 329 angle measurement 330
The "I-Beam" symbols on the plot describe the 95 % least significant difference (LSD) interval for the plotted 331 points.
333
As for membrane of 15 wt% concentration, the longer drying time was set, the higher contact angle value 334
obtained. Drying membrane for 20 min may leave some methanol inside the pores thus more time 335 required for total methanol extraction from pores. As for membrane of 15 wt% concentration, the longer 336 dry time set, the higher contact angle value obtained. Drying membrane for 20 min may leave some 337 methanol inside the pores, thus more time required for total methanol extraction from the pores. 338
Membranes with concentration of 25 wt% have smaller pore sizes compared to 15 wt% membranes. The 339 contact angle value for 20 min drying time was slightly higher than those for 60 min. The larger time range 340 required for the specific observation. 341
Interaction Dry Temperature /Dry Time Factor and Effect 342 343
According to the graph shown in Fig.5, as Shorter drying time of 20 min, the graph shows that lower temperatures have a better contact angle 361 compared to higher temperature. However, a drastic changing can be observed in the graph of 20 min 362 drying rate from 55 °C to 65 °C compared to 60 min of the drying temperature. A drastic changing of the 363 temperature of 55 °C was sufficient to evaporate most of solvent, but when increasing the temperature to 364 65 °C, the possibility of the evaporation and swell ing of the pores to happen were also increased. 365 366
3
.1.4 The Best Condition and Data Prediction Obtained from FFD 367 368
The best condition and the prediction data selected to be centre points in the central composite design 369 (CCD) for an optimization are shown in the Table 7 . It can be seen that the best condition was at 370 concentration 25 wt% and the immersion time of 5 h whereby the further manipulating of the data range 371 required for drying temperature and time in order to get the optimum condition for membrane preparation. 372
Meanwhile, the concentration and immersion time were set as constant for CCD. 373 374 If there are many insignificant model terms (not counting those required to support hierarchy), model 406
reduction may improve the model. 407
The "Lack of Fit F-value" of 43.64 implies that the lack of Fit is significant, where it is presented by a low 408 probability value and the response predictor is neglected as mention by Montgomery [28] .There is only a 409 0.16% chance that a lack of this large Fit F-value could occur due to noise. 410
Significant lack of fit is due to the sensitivity of the system. In the other word, even there is a slight change 411 to the factor; it will lead to a large contribution to the response. 412 ANOVA analysis shows that the resultant quadratic polynomial models adequately represented the 413 experimental data with the coefficients of determines (R 2 ) for the response is 0.9556%. This indicates that 414 the experimental data is fit to the model as well as also describe the influence of independent variables 415 study on the water contact angle on the membrane. As a general rule, R 2 should be closed to 1 for a good 416 model [19] . 417
The "Predicted R-Squared" of 0.7017 was not as close to the "Adjusted R-Squared" of 0.9239 as one 418 might normally expect. This may indicate a large block effect or a possible problem with model and/or 419 data. Things to consider are model reduction, response transformation, outliers, etc."Adequate Precision" 420 measures the signal to noise ratio. A ratio greater than 4 is desirable. The ratio of 14.7592 indicates an 421 adequate signal. This model can be used to navigate the design space. 422
The coefficient of variation (CV) is the standard deviation expressed as a percentage of the mean and 423 was calculated by dividing the standard deviation by the mean value and multiplying by 100. It was 424
suggested that CV should not be greater than 10% for a good fit to the selected model and these values 425
were found to be 1.04%. 426
The second order regression model shows the relationship between the response (contact angle) and the 427 operating factors C and D (drying temperature and drying time) obtained by multiple regression analysis 428
of the experimental data. The regression equation can be use to predict the response by factor dry 429 temperature and dry time. The dimensional contour and surface plot are demonstrated in Fig. 6 (a) and (b The regression equations obtained using the experimental data can be used to predict the contact angle 451 at any dry temperature and dry time with the range of the levels defined. In order to validate the veracity 452 of the model, five confirmation runs were performed. The preparation conditions are shown in Table 9 . 453 The preparation conditions for three experiments (1-3) were come from 13 experiments in Table 3, and  454 other two experiments (4-5) were new conditions with the range of the levels defined. Eqn. (1) and (2) surfaces and bottom surfaces. An anisotropic pore structure was formed as near t 479 surfaces cooling rate was faster than inside the membrane 480 to decrease as the growth rate period was lower 481 because of the crystallization due to the shift from the cloud point to dynamic crystallization curves when 482 quench in water bath and may also because of the interface with the stainless steel mold. 483 484
A study by Yave, found that the porosity decreased as the initial concentration of 485 increased [22] . The results observed in the SEM micrographs confirm the assumption that lower 486 of the polymer solution concentrated of 25 wt% 487 hydrophobic than the lower concentration studied. 488 489 a. 490 were applied respectively. The predicted values and the actual experimental values were compared and the percentage errors between the actual and predicted values for the flux and the selectivity were calculated. The percentage errors for the respond, contact angle are observed to vary from %. According to the confirmation results, it can be concluded that the regression models were consistent with the contact angle measurement. The regression equation can be expected to apply in the preparation of iPP membranes using DPE diluents and can reasonably predict and optimize the performance of the iPP membranes. 
Dry
Characterization the Optimum Condition of Membrane
The most optimum membranes were found at concentration 25 wt% using DPE, immersion time of 5 h dry temperature of 54.96 °C and dry time in 18.64 min, which were chemically and physically test
The cross section of the optimum membrane shown in Fig.7 presents the spherical pores indicating that membranes were formed via liquid-liquid TIPS [11, 14] between 0.64 ~ 1.27µm.
that for the outer surfaces, the pores are hardly detected for both top surfaces and bottom surfaces. An anisotropic pore structure was formed as near t faster than inside the membrane. Increasing the cooling rate lead the porosity to decrease as the growth rate period was lower [22] . The white mark on the bottom surface due to the shift from the cloud point to dynamic crystallization curves when quench in water bath and may also because of the interface with the stainless steel mold.
A study by Yave, found that the porosity decreased as the initial concentration of ]. The results observed in the SEM micrographs confirm the assumption that lower of the polymer solution concentrated of 25 wt% corresponds to the smaller pores and thus increased the tration studied.
b.
were applied respectively. The predicted values and the actual experimental values were compared and actual and predicted values for the flux and the selectivity were calculated. The percentage errors for the respond, contact angle are observed to vary from −0.75 to 3.92 dels were consistent with the contact angle measurement. The regression equation can be expected to apply in the preparation of iPP membranes using DPE diluents and can reasonably predict and optimize the The chemical composition of iPP did not change through the TIPS process 498 wavelengths of the raw iPP which was before undergoing the TIPS process sh 499 membrane samples. The wavelength 500 H bond in the membrane sample. 501 2920.71 cm -1 denotes same intensity 502
consisting of 2 or 3 bands. There was 503 iPP membrane and raw iPP respectively, 504
The wavelength of 1376.59 cm -1 may indicate 505
there was also possibility that medium intensity of the O 506
The similar wavelength obtained by raw iPP which 1376.31 cm 507 the membrane sample which picturing 508
. 509 510 511 d.
Final morphologies and structure of PP-DPE membranes .Where a: top surface; b: bottom magnification of 2.00kx and d: cross section, magnification
Study
The chemical composition of iPP did not change through the TIPS process, as show wavelengths of the raw iPP which was before undergoing the TIPS process show similarity with the gths of 2954.33 and 2917.58 show as indicated a strong intensity of C . While, the frequencies detected for the raw iPP are 2953.73 and denotes same intensity. The spectrum ranges correspond to the CH isting of 2 or 3 bands. There was another peak at the wavelength of 1456.89 and iPP membrane and raw iPP respectively, picturing the deformation of CH 2 and CH 3 with medium intensity. may indicate for medium intensity deformation between C also possibility that medium intensity of the O-H bond due to the alcohol present The similar wavelength obtained by raw iPP which 1376.31 cm -1 .There is also the spectrum ring the intensity of the O-H bond, which is variable or weak .Where a: top surface; b: bottom nd d: cross section, magnification of 5.00kx
shown in Fig.8 . The ow similarity with the indicated a strong intensity of C-While, the frequencies detected for the raw iPP are 2953.73 and
The spectrum ranges correspond to the CH 3 , CH 2 and CH and 1456.44 cm -1 for with medium intensity. on between C-H bond, but present in the sample. the spectrum at 688.19 in or weak. 
CONCLUSION
516
According to the 2-Level factorial design, the most significant contributions into characteristics of 517 membranes made are drying temperature followed by drying time, immersion time and the concentration 518 of polymer. The R 2 obtained in the model was 0.9550. The best conditions of PP-membrane were 519 obtained at the concentration of 25 wt% and the immersion time of 5 h where these factors were constant 520 for CCD. Meanwhile, temperature and drying time were the main factors chosen for CCD design. The 521 CCD design exemplify a quadratic polynomial models with the coefficients of determines (R 2 ) for the 522 response was 0.955 %. However, the model has shown that lack of Fit was significant where the design 523 was very sensitive and the response easily affected when there was changing on the variables. The most 524 optimum membranes prepared in this experiment were those with the contact angle value of 106.22° by 525 the interaction factors of drying temperature and drying time which are 54.96 °C and 18.64 min 526
respectively .The regression equation obtained from the 2-Level Factorial and Central Composite Design 527
can be expected to apply in the preparation of iPP membranes using DPE diluents and can reasonably 528 predict and optimize the performance of the iPP membranes. 529 530 531
